Solar energy is an abundant source of renewable/sustainable energy, which has an enormous potential in reducing the foot print of the greenhouse gases. In this paper, we presented a modelling framework of estimating solar energy over a portion of a residential community of Sandstone in the northwest of Calgary, Canada. We calculated the actual daily incident solar radiation as a function of latitude, day of year, and possible day light hours; and also employed high-resolution remote sensing images to calculate the effective roof area for installing photovoltaic cells. Strong relationships (r 2 : 0.91-0.98) were observed between the ground-based measurements and the modelled actual incident solar radiation at three test locations in Alberta. Over the portion of Sandstone, ∼1706.49 m 2 roof surface area was suitable for potential installation of the photovoltaic cells. With 15% efficient photovoltaic cells, our analysis revealed that we might be able to produce significant amount (i.e., in the range of ∼67-100%) of electrical energy needs of the residents of Sandstone community during the period between April and September.
Introduction
Fossil fuels (i.e., coal, oil, and natural gas among other) have been satisfying most of our energy needs (∼79% of the global energy consumption in 2006; [1] ) over the decades. However, there are two limiting factors in using fossil fuels: (i) they are not renewable, thus unable to support the growth of our energy demands in coming decades to centuries; and (ii) release enormous amount of greenhouse gases into the atmosphere, which are largely responsible for the rapid global warming [2] . Thus, it is important for us to study renewable energy sources and its sustainability [3] [4] [5] [6] , as these sources are (i) able to support our energy needs; and (ii) effective in reducing the emission of greenhouse gases. The potentials of these renewable energy sources (that include: solar, wind, bioenergy among others) have undergone extensive research across the world (e.g., [7] [8] [9] [10] [11] [12] ). Recently, researchers indicated two facts regarding the potential of renewable energy sources to support (i) equivalent electrical energy needs for the countries of USA and New Zealand by 2020 [13] , and (ii) also all purpose energy needs at global scale by 2030 [14] . In this paper, we intend to model potential solar energy for supporting electrical energy needs for residential uses, which already has proven to be a sustainable energy source [15] [16] [17] [18] [19] .
In modelling solar energy over built-up areas, a number of factors need to be understood, such as, (i) the calculation of potential/actual incident solar radiation [20, 21] , (ii) the technology available to convert the incident solar radiation into energy [21, 22] , and (iii) the suitable surface area within a built-up area that are exposed to the sun to the greatest extent. In most of the instances, the modelling of the daily incident solar radiation is described in the literature as a function of latitude, day of year, and possible daylight hours [20] [21] [22] [23] [24] . Photovoltaic cells are most commonly used in producing electric energy from solar radiation. In converting the available solar radiation into electrical energy, photovoltaic cells are most commonly used technological advancements [20, 22, 25] . In Canadian context, the total installed capacity of photovoltaic cells has been increased by 211% to ∼102 MW in 2009 from 2008 [26] . In terms of expanding the market of photovoltaic cells, Canada observes a consistent growth for the period of 1993-2009 with an annual increment of ∼22% [26] . These facts indicate that people are quite keen in harvesting solar energy. In calculating the suitable area for installing photovoltaic cells, remote sensing images can be an excellent data source, which are already a proven technology in extracting/delineating spatial information of interest [27, 28] . It is the case as these provide an aerial view that is critical in determining the exposed surface area for installing photovoltaic cells (see Section 3.2 for more details).
In this paper, our objectives are to: (i) predict and validate the actual incident solar radiation at three locations (i.e., Neir Alberta Environment Drought Monitoring station (AEDM), Strathmore Irrigation Management Climate Information Network station (IMCIN), and Stavely Agriculture and AgriFood Canada (AAFC); see Figure 1 for more details) in the Canadian Province of Alberta; (ii) calculate the effective roof area suitable for harvesting the greatest amount of incident solar radiation over the portion of "Sandstone" residential community in the city of Calgary (see Figure 1 (b) for location information); and (iii) simulate the amount of equivalent electrical energy over the portion of Sandstone community.
Study Area and Data Requirements
In modelling solar energy, we considered a portion of Sandstone residential community with a size of approximately 170 m × 250 m (i.e., centered on the lat: 51
• 8 ′ 29 ′′ N; long: 114
• 6 ′ 27 ′′ ; see Figure 1 (b)). In an average, the Calgary region experiences a relatively high sunshine hours (i.e., ∼2400 hour per annum; Environment Canada, available at: http://www.weatheroffice.gc.ca/canada e.html. Accessed 18 March 2010) in comparison to other regions in the country. As there were no ground-based measurements of daily incident solar radiation data available near the study area, we opted to employ such measurements from three different locations, namely, Neir AEDM, Strathmore IMCIN, and Stavely AAFC. These three stations were within approximately 100 km radius of the study location (see Figure 1(b) ), where measured radiation data was available. These data were made available by the Alberta Department of Agriculture and Rural Development for the period of 2007-2009 (AgroClimate Information Service, available at: http://www .agric.gov.ab.ca/app116/stationview.jsp. Accessed 18 March 2010). These ground-based measurements were used in validating the solar radiation model. We also used monthly average bright sunshine hours (in % of possible daylight hours) for the period 1971-2000 at the Calgary International Airport (i.e., situated ∼9 km west of the study site of Sandstone community; see Figure 1 (b)) available from Environment Canada. These data were used to transform the potential incident solar radiation to its actual amount. As these data were not available at the three locations where the ground-based measurements were available, we assumed that the bright sunshine hours would be applicable over those locations because of their proximity to each other. We also used high spatial resolution remote sensing data (i.e., QuickBird) in calculating the effective roof area that was exposed to the sun to the greatest extent. In addition, we obtained a monthly average electricity consumption data of the houses located in our study area (Association of Sandpoint Townhome Community, Personal Communication). Figure 2 shows a schematic diagram of the processes involved in this study. It consisted of the following three major components: (i) modelling of actual incident solar radiation; (ii) calculating the effective roof area; and (iii) simulating the equivalent solar energy. Brief descriptions of all these components are provided in the following subsections.
Methods

Modelling of Actual Incident Solar Radiation.
The spatio-temporal variability in actual incident solar radiation depends mostly on a number of factors: (i) latitude, (ii) day of year (DOY), (iii) configuration of local terrain, and (iv) atmospheric transmittance [29] . Note that the earth surface may receive a maximum of 75% of the incident solar radiation strikes on top of the earth's atmosphere due to the loss in the atmosphere (in other words, atmospheric transmittance) under cloud-free clear-sky conditions [23] . In calculating the daily solar radiation on a horizontal plane at a location of interest, we used the following equations [19, 21, 23, 24] :
where R daily and R daily-ex are the daily and extraterrestrial incident radiation, respectively [W·m Equation (1) can be used to calculate the daily potential incident solar radiation (R daily-potential , W·m −2 ) if we consider the value of n/N (=1) and take the following form:
Calculating the Effective Roof Area.
We used ISO-data clustering technique to classify the remote sensing image into two classes: (i) roof area; and (ii) others. We then identified the south and south-west facing roof surfaces and excluded the rest of the roof areas from further consideration as shown in Figure 3 . Because, the particular-facing surfaces were able to harvest the greatest amount of incident solar radiation in the northern hemisphere. It revealed that approximately 1706.49 m 2 area were suitable for installing photovoltaic cells out of a total of ∼8051 m 2 available roof surface. To verify the calculated effective roof area, we conducted field verification to ensure that these roof tops were not occupied for other utilities.
Simulating the Equivalent Solar Energy over Sandstone.
Once validating the daily solar radiation model and performing the calculation of the effective roof area as outlined earlier (see Sections 3.1 and 3.2), we implemented the daily actual solar radiation over the Sandstone community. The annual amount of solar energy was estimated using the following expressions:
where E solar is the accumulated solar energy over the entire year [in KW·h], A effective-roof is the effective roof area (≈1706.49 m 2 in this study), E PV is the efficiency of the photovoltaic cells in converting solar radiation into energy (≈15% in this study). Note that the efficiency of the photovoltaic cells might vary in the range of 11-15% in general [31] . Figure 4 shows a comparison between the daily potential (using (7) the measured ones. It revealed that the modelled values coincided quite well with the measured values during so many days. It might be associated with the fact that during those days, the sky was cloud-free, thus the actual and potential incident solar radiation was the same [32] . On the other hand, the relatively low measured values with compared to the modelled ones were related to the amount of cloud and other particles; those blocked the incoming solar radiation. In some instances, we observed that the measured values exceeded the modelled ones (e.g., at Neir AEDM in 2007). It might be associated with the higher amount of solar radiation passing through the atmosphere (i.e., greater than 75% of the atmospheric transmittance). In other instances, the relatively larger gaps between the measured and modelled values were also observed (e.g., at Strathmore IMCIN in 2007 in particular). In such case, the amount of atmospheric transmittance might be relative less. However, the incorporation of the interannual variations in atmospheric transmittance would be relatively complicated in this sort of modelling exercise, as it required the ground based measurements at the location of interest. Note that at the area of interest (i.e., Sandstone), we did not have any such ground-based measurements. Figure 5 shows relationships between the measured and modelled values of the actual incident solar radiation accumulated at monthly scale. It revealed strong relations (i.e., r 2 -values in the range of 0.91-0.98) between them. Similar relations were also found in the literature (e.g., [29, 33] ). The coefficients of the regression lines (i.e., slopes and intercepts in the range of 0.88-1.08 and 0.05-0.36 KW, respectively) were also found to be in the reasonable bound. A relatively small discrepancies between the modelled and measured values were due to the fact that we employed the "% of possible daylight hours" acquired at the Calgary International Airport (i.e., situated not exactly at the locations, where we performed this modelling exercise). However, the rationale of employing such data was to find how the longterm monthly average values (i.e., during the period l971-2000) could capture the dynamics of actual incident solar radiation regimes over a region during a particular year of interest. Thus we concluded the solar radiation model would perform well in the Southern Alberta region.
Results and Discussion
Finally, we implemented the solar radiation model and used (8) to model the annual amount of solar energy over the portion of Sandstone (see Figure 3 for the suitable roof tops, where the photovoltaic cells might be installed). Our calculations revealed that we might be able to harvest ∼322408 KWh per annum solar energy (see Figure 6 for more details). On the other hand, the approximated electrical energy consumption over there was found to be ∼523200 KWh per annum (i.e., 400 KWh per month per unit home, with a total of 109 units in the complex). Thus, upon installing 15% efficient photovoltaic cells over an area of 1706.49 m 2 , we might obtain the following "%" of the electrical energy demands: Generation capacity from photovoltaic cells Consumption of electricity Electric demands to be fulfilled (%) Generation/consumption of electricity (KW·h) Figure 6 : Monthly dynamics of "to be generated" amount of electricity from solar energy and the actual electricity consumption and the discrepancies (in the form of %).
(i) 100% during the period May-August, (ii) ∼67% and 82% during the months of September and April respectively, (iii) ∼40% and 52% during October and March respectively, and (iv) ∼13-23% during the period November-February (see Figure 6 ). During the cold months, it would not be possible to obtain significant amount of energy demands from solar panels (i.e., ∼80%). Thus, the lack in supply could potentially be fulfilled using traditional electricity or wind energy generated in the more southern portion of Alberta.
Concluding Remarks
In this paper, we demonstrated a simple framework for modelling solar energy and its application over a portion of a residential community of Sandstone. We employed (i) daily solar radiation in calculating the actual incident solar radiation regime, and (ii) high spatial resolution remote sensing image for determining the effective roof area for installing photovoltaic cells. Our analysis revealed that the solar energy might able to support significant amount (i.e., in the range of ∼67-100%) of the electrical energy needs over the community of interest during the period of AprilSeptember. These results are promising and could encourage people in harvesting solar energy to its maximum potential, which could be sustainable and clean in nature.
